ABSTRACT
INTRODUCTION
The Indo-Gangetic Plains (IGP),a "bread basket" for much of South Asia, is considered to be highly vulnerable to climate change due to its huge population, a largely agrarian economy, a relatively limited and depleting resource base, and projected large changes in climatic risks (New et al., 2012; Saini, 2008; Aggarwal et al., 2004) . While the region is self-reliant on cereal production, it has pervasive poverty and malnourishment (Gill et al, 2003; FAO, 2002) . The changing climate is exacerbating existing vulnerabilities of the subsistence farming that predominates in many parts of IGP (Nelson et al., 2009; IPCC, 2007; Slingo et al., 2005) .
Climate-related issues and farmers' livelihood strategies are different in different parts of IGP. For instance, many farmers in Nepal and north east India suffer from droughts and intermittent floods whereas coastal Bangladesh is a 'hotspot' of climate change (Nicholls et al., 2007) .As an attempt to overcome some of the climatic and non-climatic challenges, farm households diversify their livelihood sources (Brown et al., 2006; UNDP, 2009) . Several researchers (e.g. Bhatta and Aggarwal, 2015; Teweldemedhin and Kapimbi, 2012; Hailu and Hasan, 2012; Barrett et al., 2006; Marschke and Berkes, 2006; Barrett and Reardon, 2001) offer the reason that farm households follow agricultural diversification as a prominent coping strategy under uncertainty caused by climatic and non-climatic factors.
Coping with climatic variability is crucial to adapting to the changing environmental conditions, including climate change and variability (Cooper et al., 2008) . Diversification on the farm and off-farm determine the strength of coping strategies farm households follow (Hailu and Hasan, 2012; Gebru and Beyene, 2012; Thornton et al., 2007) ; the larger the diversification portfolio on the farm and off-farm, the more successful are the farmers in coping adversities which in turn contributes to adaptation. Similarly, the strategies that have been shown to increase agricultural productivity and adaptation to climatic variability include integrated plant management practices and integrated farming systems (Hesterman and Thorburn, 1994) , expansion of areas under cultivation to compensate for reduced yields during droughts, and switching to more drought resistant crops (Mongi et al., 2010) , resource-conserving technologies (Harington and Hobbs, 2009; Ladha et al., 2009; Gupta and Seth, 2007) , and enhancing water use efficiency. In addition, other farming practices that are important in response to the climatic risks are better management of the pasture lands, adoption of drought tolerant pasture species, better livestock management practices, cultivation of drought and flood tolerant varieties of the crops, disease and pest resistant cultivars, shorter cycle varieties, introduction of crop cover, planting trees, among others. Development of location-specific varieties, climate specific agronomic practices, and adoption of short season varieties to escape the late season droughts are some of the other adaptation strategies amidst climate change scenario (Bhatta and Aggarwal, 2015; Chhetri and Easterling, 2012) .
The relationship between average annual rainfall, and farmers' livelihood,and local adaptation could be a matter of interest for many scholars to devise policies aiming at improving livelihoods and enhancing adaptive capacity of the farmers at the spatial level. It is because some environmental issues and threats posed by climate change to livelihoods are likely to be spatially variable and solution to such problems may often require supranational considerations (GECAFS, 2008) based on spatial specificities. Since IGP possesses varied agro-ecological and biophysical conditions such as a distinct rainfall pattern from east to west of the region, farmers' strategies to manage available resources also differ. Since a large proportion of farm land in IGP is rainfed, annual rainfall is important not only in determining production but also how farmers in different rainfall regimes cope with climatic variability overtime. It is, therefore, important to understand whether key climatic (rainfall) and non-climatic resources (farm types) impact livelihoods and adaptation amid changing environmental conditions. We attempt to narrow down this gap through an investigation of a household survey carried out with 2660 farm-families in threebroader sub-regions in IGP (Bihar of India, coastal Bangladesh and Terai of Nepal). We hope that this study would provide policy makers and sectoral actors with process knowledge that could improve coping and adaptation strategies for climate change.
METHODS AND DATA THE SITES AND SAMPLING PROCESS
A household survey was implemented in 2010-2011 in the three broad agro-ecological regionsin the Indo-Gangetic Plain (IGP) with average annual rainfall ranging from 930 mm to 3350 mm (CRU, 2013) . The sites surveyed lie in the eastern region, which is characterized by relatively lower productivity, poorly developed infrastructure, food insecurity, smallholder subsistence farming and is prone to flooding and droughts (Aggarwal et al., 2004) .The study sub-regions represent climate 'hotspots' (flood and salinity affected areas of coastal Bangladesh to drought prone areas of Nepal's Terai and Bihar, India), rainfall regimes (very high rainfall areas of coastal Bangladesh to high rainfall areas of Terai and moderate rainfall areas of Bihar), and the local livelihood systems (aquaculture based livelihoods in coastal Bangladesh to cereals and vegetables based livelihoods in Terai and Bihar).
The sampling process was done at three different stages (Bhatta and Aggarwal, 2015) : I) broader sub-region was selected from India, Nepal and Bangladesh primarily based on similar climatic issues, II) smaller areas (mostly districts) were selected from each subregion based on predominant rainfall pattern (7 districts each from Bihar and coastal Bangladesh and 5 from Terai), and III) finally layering a sampling frame in each site (10 km x 10 km) was done purposively in each selected district based on the area with some potential of piloting climate smart agriculture interventions. From each sampling frame, all villages were enumerated and 7 villages were selected randomly. Following simple random sampling, 20 households within each village were chosen. Therefore, the total sample size was 980 each in Bihar and coastal Bangladesh and 700 households in Terai. 
SURVEY INSTRUMENTS AND DATA COLLECTION
A highly structured questionnaire was designed, pre-tested and the same questionnaire (available at:www.ccafs.cgiar.org/resources/baseline-surveys) was implemented across at all sites. The questionnaire included most of the qualitative information to map the behaviours of the farm households in several spectrums of the farm activities. The questionnaire has different components: socio-demographic information, sources of livelihoods, changes in farming practices including livestock and fisheries over the last 10 years, reasons of changing farming practices, household food availability, land and water resources, input and credit availability and use, climate and weather information, membership to community groups and household assets, among others. Before implementing surveys in each site, site survey team leaders and enumerators were provided with intensive training to ensure high level of precision on sampling and data collection.
DATA ANALYSIS
The historical rainfall data (1961 to 2010) for this study was extracted from the Climate Research Unit (CRU) gridded database. CRU time-series datasets are month-by-month variations in climate over the last several decades. The dataset comes on high-resolution (0.5 × 0.5 degrees) grids (CRU, 2013) . Since the basic interest was to see any variations on livelihoods, adaptation and food available months along the prevalent rainfall gradient; functional relationship was tested. Before running functional relation, normality test was deployed and the variables satisfyingnormal distribution were subjected to functional analysis. In the first step, country-wise regression lines were fitted followed by line of the best fit across all sites using appropriate functional relation. Further to see more variation as per irrigated and non-irrigated farms along the prevalent rainfall gradient, data were disaggregated and appropriate functional relation was tested. For the ease of explanation,different sites were categorized into medium rainfall zone (<1300 mm annual rainfall), high rainfall zone (1300-1800 mm) and very high rainfall zone (>1800 mm). With this grouping, all of the sites in Bihar of India fall in medium rainfall regime, most of the sites in Terai fall in high rainfall regime and all sites in coastal Bangladesh in veryhigh rainfall zone.A rough proxy for adaptability was derived by adding up the number of changes that households have made in the last 10 years with respect to their farming practices. The idea here is that households that have already been making changes, and introducing new practices, are likely to be more adaptive to climatic risks, than those that have not been able to make adjustments or introduced any new innovations. The number of food available months is used in this analysis which is considered as the best bet proxy of food security at the household level.
RESULTS

LIVELIHOOD DIVERSIFICATION
Farmers derive their livelihoods through a variety of on-farm,non-farm and off-farm sources,and these sources are different across the sites. Majority of the farm-families in the studied sub-regions predominantly pursue agriculture-based livelihood strategies through intensification and diversification. In Bihar and Terai of Nepal, a majority of the farmers derive their livelihoods through food crops whereas livestock including fisheries is an important on-farm livelihood source in coastal Bangladesh. It should also be understood that integration is a historic phenomenon in smallholder farming systems in IGP.
Despite continuing economic centrality of agriculture in the surveyed sites, farm-families are often enforced to pursue off-farm livelihood strategies to cope with diverse challenges and risks and accumulate cash for present and future security. Off-farm sources of livelihoods in IGP are manifold: wage earning from other's farm, employment in several sectors, remittances, credit/loan and business, among others. These off-farm sources of income help farmers to complement agricultural activities. In Bihar, a large proportion of the farm-families are engaged in wage earning either in others' farm and/or in other nonfarm sectors, followed by employment in different sectors. Farmers in the coastal Bangladesh also mostly engaged in wage earning followed by pursuing credit/loans from formal and informal sectors. In Nepal's Terai, a large proportion of farmers are deriving income through employment followed by the wage earning activities. In Bihar and Nepal's Terai, remittance accounts the third important source of off-farm livelihoods while business provides a third off-farm source to the farmers in the coastal Bangladesh.
The sources of on-farm livelihood and rainfall gradient across the sites in each country and across all sites in the region show a polynomial relationship (Figure2a). In Bihar, higher is the average annual rainfall; higher are the sources of livelihoods up to a certain extent. Similar trend turns true in coastal Bangladesh and Terai but the slope of the curve is steeper in Terai. On average, the numbers of livelihood options are higher in Nepal's Terai compared to Bihar and coastal Bangladesh. Although rainfall regime is higher in coastal Bangladesh, several other factors such as salinity, recurrent floods, sea level rise and cyclones limiton-farmlivelihood diversification.
Figure 2. Relationship between annual rainfall, and number of livelihood sources (a) and number of livelihood sources within irrigated and non-irrigated farms (b) in IGP (Error bars indicate the 95% confidence interval of the mean)
The regression line (R 2 = 48%, p<0.01) across all sites follows sub-region specific regressions, that is, with increasing rainfall regime, number of sources of livelihood also increases up to a certain point. Although there could be several climatic and non-climatic factors affecting on-farm livelihoods, the current results portray that higher rainfall zone (1300-1800 mm) shows higher on-farm diversification. As expected, data disaggregation by irrigated and non-irrigated farms show similar trend and the higher level of diversification is associated to irrigated farms (R 2 = 62%, p<0.01) than rainfed farms (R 2 = 44%, p<0.01)(Figure2b). The results pinpoint that having irrigation facility serves as a precursor for livelihood diversification on the farm irrespective of the rainfall regime and its effect is more pronounced in higher rainfall zone. It is interesting to note that both regression lines move almost parallel along the rainfall gradient. This portrays, to some extent, that irrigation has homogeneous effect on livelihoods along rainfall regimes.
Rainfall regimes and number of off-farm livelihood sources show a significant polynomial relation (Figure3). Despite the lower rainfall regime, numbers of cash sources are more and they decrease at higher rainfall regime. Farmers in the Bihar, for instance, have more cash sources compared to Terai and coastal Bangladesh. With an increasing rainfall regime, number of sources of cash increases up to a certain extent in Bihar, Terai and coastal Bangladesh but the degree of increment with rainfall regimes is higher in Bihar compared to other sub-regions. Lower number of on-farm livelihood sources and higher number of off-farm sources in medium rainfall regime (<1300 mm) somehow signifies that farmers are slowly moving out of agriculture. While country-specific regression lines are concave to the origin, overall regression line is convex stating that farmers in relatively lesser rainfall area possess more sources of cash and it declines with increasing rainfall regimes. 
FARMING PRACTICES CHANGED AND ADAPTATION TO CLIMATIC RISKS
The number of changes in farm practices provides a proxy measure of adaptability. We asked farmers different changes they made on variety, breed, crop and livestock management, soil and water management, production practices and feeding, among others. Among the portfolio of changes in farming practices; frequent changes in varieties shows consistence result across sites and a large proportion of the households made several changes in the varieties. Changes in planting time and methods (such as late planting, early planting, early land preparation, mechanized planting) show variations in the sub-region. Changes in plant management (irrigation use and methods, agro-chemical use, and disease and pest management) showed consistent results both in Bihar and Nepal's Terai compared to coastal Bangladesh. A large chunk of the farmers made changes in livestock in coastal Bangladesh.
In Bihar, farming practices changed increases with increasing rainfall regime up to a certain extent. Unlike Bihar, Nepal and coastal Bangladesh show higher number of farming practices changed at a lower rainfall regime. There is no clear trend in terms of changing farming practices along the rainfall gradient across the sites (Figure4a). Number of farming practices changed over the last 10 years as per irrigated and non-irrigated farms along the prevalent rainfall gradient show polynomial relationship with average annual rainfall. With huge variation in irrigated farms, higher numbers of farming practices changed are noted at a medium rainfall regime (<1300 mm) both in irrigated and rainfed farms (Figure4b). With irrigation, farmers make higher number of changes. This is also substantiated by on-farm livelihoods as they are higher in the irrigated farms. However, both lines are statistically not significant (p>0.05).
Figure 4. Number of farming practices changed (a) and as per irrigated and non-irrigated farm (b) along the rainfall gradient in IGP (Error bars indicate the 95% confidence interval of the mean)
Farmers make changes to farm practices in response to different stressors. Subsistence farmers' main interest is to secure on-farm production as an important livelihood strategy. We found that market-related factors are more frequently cited as reasons to changes in farm practices than climate-related factors (Figure5). Harvesting better yield, often by changing crops and/or varieties, remains the top reason for making changes in the farming practices across all regions and rainfall regimes. Issues related to land (e.g., declining fertility), labor (e.g., labor shortages), water (e.g., groundwater decline) and biotic factors (e.g., pest and disease outbreak in the particular crop and/or variety) are often frequently mentioned as reasons for making changes in the crops and/or varieties. Across rainfall gradient, very high rainfall regime (>1800 mm) shows lesser per cent of farmers making changes to adjust to the resource constraints, markets and climatic stressors but the per cent of farmers making changes to adjust to disasters (floods, cyclones, storm) are increasing. Ahmed et al. (2012) also noted that climatic hazards appear more frequently than other factors in coastal areas of Bangladesh, which requires an adjustment to such adverse events.
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Figure 5. Different drivers of changes to farm practices over the last 10 year across rainfall regimes
In terms of climatic stressors, rainfall variability is the most frequently cited reason for making changes in farming practices in all sub-regions and across all rainfall regimes. Farmers also made frequent changes to adapt to droughts and floods that prevailed in many parts of IGP over the last 10 years. Late or early start of rain is another issue that some farmers in the surveyed areas experience. The growing number of cold spells during the winter season is now becoming another issue requiring adaptation to it in many sites.
HOUSEHOLD FOOD AVAILABILITY
We studied the number of food available monthsin a normal year. As we just studied number of food available months during a year, it only provides the food availability status in the household and through own farm production. With a large site variations, a majority of the farmers in the coastal Bangladesh support only a fraction of the year through own production. In contrast to this, a majority of the farmers in Bihar and Terai can produce food for their family almost throughout the year (almost 75% and 80% of the farm households in Nepal and Bihar are self-sufficient). Lower productivity of the crops, dominance of smallholder farmers and fewer number of livelihood sources are all contributing towards fewer months of food availability in the coastal Bangladesh.
With increasing rainfall regime, number of food available months increases in Bihar and Nepal's Terai (Figure6a). Coastal Bangladesh fails to show a clear pattern. The high rainfall regime in Bihar and Nepal shows higher months of food availability like on-farm livelihood sources. This supports the idea that more livelihood sources on the farm enhance household food availability. The overall regression line shows the higher number of food available months in a year at medium rainfall regime, which is basically due to the more food available months in Bihar. Since much of the household food availability in IGP revolves around the availability of rice and wheat, the lower production of these crops means less number of food available months. In the coastal Bangladesh, for instance, seasonal flooding due to heavy monsoon rain along with salinity intrusion causes frequent crop failure. Even in the dry season, there is the lack of fresh water for crop production (Karim and Mimura, 2008; Mirza et al., 2003) . These all factors threaten on-farm production and household food availability. Farmers who have irrigation facility have more number of food available months than those who perform farming without irrigation facility. In both cases, relationship with rainfall is polynomial, that is, as rainfall regimes increase, the number of food available months decrease (Figure6b). Farmers with no irrigation facility show higher variations along the spatial gradient of rainfall. 
CORRELATION BETWEEN DIFFERENT VARIABLES
Correlation analysis was done to understand the degree of association between different variables. There is a significant relationship between land holding and on-farm livelihood sources, household assets, number of farm products sold, number of changes made in the farming and number of months of food availability per year (Table1). All of them are positively correlated. Similarly, farmers with more number of on-farm livelihood sources seem to possess more assets and more months of food availability. There is a strong relationship between a proxy measure of household adaptability-the total number of changes made in agricultural practices over the past ten years-and ones for the degree of agricultural diversification and number of farm products sold. This means that households that made more changes are producing a wider range of agricultural products; and conversely, those making few changes tend to be the least diversified households. Correlation test confirms a strong association between the number of changes made and the number of months of food availability. This means that the least food secure households made few changes in their agricultural practices, have relatively poor household assets, and are selling fewer types of agricultural products than more food secure households. This suggests that households that are pursuing adaptation strategies are enhancing their food security, as proposed by others (e.g. Di Falco et al., 2010) . Households that had made more changes to their agricultural practices in the past ten years tended to have more assets; and those with few assets were farming in much the same manner as they have been for many years. 
DISCUSSION
There are several factors that farmers have to consider to make decision on farming activities, and their ability to adjust with the risks arisen from climatic and non-climatic factors makes some farmers (some regions) more adaptive/innovative than others. Changes in climatic variability and mean values will bring additional complexity in decision making by the smallholder farmers, who are highly vulnerable to these climatic risks (Gregory et al., 2005) . The crux of the problem is whether or not climatic variability and change serves as a driver of livelihood diversification. It is obvious assertion that technological innovation in farming does not evolve with respect to climatic factors alone; non-climatic drivers such as market, and other socio-economic and institutional factors also play important and even stronger role. Often it is too complex and difficult to isolate the climatic factors from other driving forces of change (Tschakert, 2007; Raid and Vogel, 2006; Ziervogel et al., 2006; Eakin, 2005) . But the impact of climate change and variability becomes more pronounced when there is an interaction with other non-climatic stressors (Mongi et al., 2010) . Albeit much is still unknown about characteristics of the future climate, exploring the ways how the farmers with different resource endowments respond to specific climatic conditions can offer insights about how farming community might be able to adapt to future climate. The farmers' livelihood strategy and local adaptation along the climatic and non-climatic resources such as annual rainfall and farm characteristics in IGP needs to be understood for policy implications.
Higher level of on-farm diversification is associated with high amount of rainfall (1300-1800 mm). Both at medium and very high rainfall zones corresponding mostly to Bihar of India and southwest coastal Bangladesh respectively, on-farm diversification are limited. There could be several factors behind it. While salinity, floods and sea level rise are main constraining factors in the coastal Bangladesh, non-climatic factors such as off-farm employment opportunities limit on-farm diversification in Bihar. Livelihood strategies are also the product of the interaction between the portfolio of choices and constraints a farmer have. Since other environmental data and non-climatic information were not collected from the different sites, we are unable to identify other crucial parameters that likely influence livelihoods, farmers' adaptability and household food security. Similarly, climatic resource (such as annual rainfall) may vary in different villages within the same sampling frame (100 km 2 ), that may also affect local livelihoods. Economic background of the farmers also effect on-farm livelihoods. Since we didn't collect information on income and hence we can't establish relationship between household income and livelihood diversification. Ipso facto, farmers across the sites are deriving their livelihoods from multiple sources on the farms and off-farms. As there is no exactly a single livelihood strategy across the sites, diversification of livelihoods is a common strategy followed by the local communities to adapt to uncertainty (Bhatta and Aggarwal, 2015; ICIMOD, 2009) , coping with the varieties of risks (Marschke and Berkes, 2006; Turner et al., 2003) and ensure food security at the local level (Hailu and Hassen, 2012) . The implication of on-farm livelihood diversification is that some of them may be short-term coping mechanisms but some of them may lead to adaptation to vagaries of climatic and non-climatic risks (Marschke and Berkes, 2006) . Availability of irrigation facility enhances on-farm diversification across different rainfall regimes. Assured irrigation facility coupled with better water use efficiency enables farmers to diversify cropping systems and minimize risk from increasing drought spells and erratic rainfall patterns. Furthermore, farmers with irrigation facility can compensate inadequacy of rainfall by means of irrigation, which is an outcome of induced innovation (Chhetri and Esterling, 2012) . With assured irrigation, farmers could produce more using inputs. Higher on-farm production also makes food available to the farmers throughout the year. Irrigation as such is not an innovative technology; however, the presence of irrigation expedites adoption of improved technologies such as high-yielding varieties of the crops and the use of agro-chemicals, and also enhances farmers' capacity to adapt to climatic risks (Chhetri and Easterling, 2012) .
The off-farm cash sources are higher in the medium rainfall regime (<1300 mm). Although country-specific regression lines show increasing sources of cash with increasing rainfall regimes, the regression across all sites shows opposite trend. This finding is in congruence with Barret et al. (2005) and Babulo et al. (2008) who found that crop production alone is less likely to cover even the household consumption requirements in relatively lesser rainfall areas and hence farmers go for off-farm diversification to minimize risks. Similarly, Mertz et al. (2010) found that income from rainfed crops and/or livestock are mostly frequently mentioned in the wetter zone and migration based income, particularly through remittance, is important in the drier zone. The opposite movement of regression line also implies that there is interaction of socio-economic and biophysical factors with rainfall amount. This could be a good finding that livelihood strategies are location specific and policies aimed for a broader geographical area would have less meaning.
Individual farm-family and farming community are used to adapting to a range of environmental and socio-economic stresses (Bhatta and Aggarwal, 2015; Ojha et al., 2014) . At the farm level, adaptation to climatic variability includes changes in farming practices (farm technologies and the way of farming). Adaptation may occur in relation to, for instance, agronomic or fisheries aspects regarding food production; or pricing policies and market opportunities (Kristjanson et al., 2012; Gregory et al., 2005) . Some of these adaptations are not responses that are unique to climate disturbances, such as diversifying livelihoods, but importantly have been clearly identified in this research as deliberate consequences of climate triggers. These adaptations occur in order to change the nature of the risks when living in a variable and changing climatic system. Many of the farm practices changed in IGP sites are related to crop and varieties. Kristjansen et al. (2012) also found that crops and/varieties are frequently changed over the last decade in East Africa. Varietal adoption alone, however, will have limited impacts on agricultural production, especially in the resource scarce areas. Farmers under such environment use different production technologies to avail the benefit from the new varieties. The development of suitable varieties, adoption of modern tools, and increased access to agro-inputs make varietal efforts more profitable in risk-prone environments (Pandey and Velasco, 2002) . In general terms, we could state that all practices directed towards the success of cultivated crops are essential to food security, not only in the context of climate change. This is so because crop cultivation is subjected to the variability and unpredictability of weather events and pests and diseases, thus, all practices enhancing crop survival can be valid for climate change adaptation.
CONCLUSION
The implication of climatic and non-climatic resources such as rainfall and farm types on livelihood diversification, household food security and farmers' adaptation remain understudied in IGP. We found that farmers in the medium rainfall regime diversify less on the on-farm but more on the off-farm activities, indicating that agriculture is becoming less important in medium rainfall zone. On contrary, the farmers in the medium rainfall regimes often cope with the changing circumstances by frequently altering farming practices. They also have relatively lower number of food deficit months compared to those at high and very high rainfall regimes. Although agricultural production and local adaptation are restrained by several climatic and non-climatic factors; the amount of annual rainfall significantly affects livelihood diversification, and the impact of climatic stressors becomes more pronounced when there is interaction with other non-climatic factors. For instance, irrigation availability has shown higher number of on-farm livelihood options, more number of changes in farming practices over time and higher food security along the spatial gradient of rainfall. This proves that farming systems operate better in the presence of non-climatic resources, which could somehow counteract the impact of climatic stressors. The study also finds that resource rich farmers (such as those having irrigation on the farm) are better adapted, well diverse in terms of livelihood sources and have food available almost throughout the year than resource poor farmers (those who don't have irrigation). Therefore, in order to promote livelihood and adaptation under changing climatic conditions, resource poor farmers should be given proper care and provision of irrigation should be established.
Household perception of current and future adaptation needs point to important measures that are not directly climate-related. It makes sense that these more immediate and visible drivers have significantly greater influence on food insecure smallholder farmers than do concerns over long-term changes in the climate. Emphasis on increasing agricultural productivity is the imperative if the smallholders, who are reeling under tremendous environmental and socio-economic pressure with many roots in climate change, have to feed themselves. This is most likely also the case in similar regions in other parts of South Asia and the tropics and sub-tropics, particularly in the areas with a large concentration of smallholder subsistence farming predominates
